Abstract. We demonstrate experimentally and numerically the existence of spatial solitons in multiple-quantum-well semiconductor microresonators driven by an external coherent optical field. We discuss stability of the semiconductor-resonator solitons over a wide spectral range around the band edge. We demonstrate the manipulation of such solitons: switching solitons on and off by coherent as well as incoherent light; reducing the light power necessary to sustain and switch a soliton, by optical pumping.
Introduction
Spatial resonator solitons theoretically predicted in [1] [2] [3] [4] [5] can exist in a variety of nonlinear resonators, such as lasers (vortices), lasers with saturable absorber (bright solitons), parametric oscillators (phase solitons), driven nonlinear resonators (bright/dark solitons). Such resonator solitons can be viewed as selftrapped domains of one field state surrounded by another state of the field. The two different field states can be a high and a low field (bright/dark solitons), positive and negative field (phase solitons), right-hand and left-hand polarized field (polarization solitons) or high and zero field (vortices).
Bright solitons in laser resonators with saturable absorber were initially shown to exist in [6] , which was limited to single stationary solitons. Existence of moving solitons and simultaneous existence of large numbers of stationary solitons was shown in [7, 8] . Phase solitons in degenerate parametric wave mixing resonators were predicted in [9] and demonstrated in [10] . Theoretically it was shown in [11] that not only 2D spatial resonator solitons exist but that also in 3D such structures can be stable, linking the field of optical solitons with elementary particle physics [12] . Vortex solitons differ from other soliton types in that they possess structural stability in addition to dynamical stability, the only stabilizing mechanism of the other solitons. The existence of vortices in lasers initially shown in [13] and later also the existence of vortex solitons [14] .
Since the resonator solitons are bistable and can be moved around they are suited to carry information. Information can be written in the form of a spatial soliton, somewhere, and then transported around at will; finally being read out somewhere else; possibly in conjunction with other solitons. In this respect the spatial resonator solitons have no counterpart in any other kind of informationcarrying elements and lend themselves therefore to operations not feasible with conventional electronic means, such as an all-optical pipeline storage register ("photon buffer") or even processing in the form of cellular automata. Experiments on the manipulation of bright solitons as required for such processing tasks were first carried out on a slow system: laser with (slow) saturable absorber. In particular it was demonstrated how to write and erase solitons and how to move them or localize them. For reviews see [15, 16] .
In order to be applicable to technical tasks it is mandatory to operate in fast, miniaturized systems. For compatibility and integrability with other information processing equipment it is desirable to use semiconductor systems. We chose the semiconductor microresonator structure (Fig. 1) as commonly used for Vertical Cavity Surface Emitting Lasers (VCSEL) [17] consisting of multiple quantum well (MQW) structure sandwiched between distributed Bragg reflectors (DBR).
The resonator length of such a structure is ∼ λ while the transverse size is typically 5 cm. Therefore such short length and wide area microresonator permits only one longitudinal mode ( Fig. 2 (a) ) and an enormous number of transverse modes that allow a very large number of spatial solitons to coexist. The resonator is obviously of the plane mirror type, implying frequency degeneracy of all transverse modes and thus allowing arbitrary field patterns to be resonant inside the resonator. This is another prerequirement for existence and manipulability of spatial solitons. Fig. 2 . Semiconductor microresonator reflectance spectrum (a) and typical bistability loop in reflection (b). Arrows mark the driving field that is detuned from the resonator resonance and the pump field that is tuned to be coupled into resonator through one of short-wavelength interference notches of the resonator reflectance spectrum.
